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@ A programmable storage element for 
redundancy-programming includes a programmable 
antifuse circuit which includes a plurality of first 
resistors (F1a, Fib, Fic) and a switching circuit (Qpa. 
Qpb. Qfc. Qpd) for coupling the first resistors in series 
In response to a plurality of first control signals (Ta, 
Tb, Tc, Td) and for coupling the first resistors in 
parallel in response to a plurality of second control 
signals to permit programming of the first resistors, 
and a sensing circuit for determining whether or not 
the first resistors have been programmed. The state 
of the first resistors is determined by comparing a 
first voltage drop across the first resistors with a 
second voltage drop across a second resistor. Each 
of the first resistors is an unsilicided polysilicon 
conductor which has an Irreversible resistance de- 
crease when a predetermined threshold current is 
applied for a minimum period of time. 
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The present invention relates generally to a 
programmable storage element. More specifically, 
the present Invention relates to a programmable 
storage element for programming redundancy 
wherein a resistance decrease In a programmable 
antlfuse circuit is sensed by a sensing circuit In the 
storage element. 

The capability for redundancy-programming 
after fabricating integrated semiconductor devices 
is desirable for many devices including program- 
mable logic devices, programmable memories and 
linear circuits, as well as for selecting discretionary 
wiring in VLSI devices. 

In a random access memory (RAM) device* for 
example, a large number of memory cells are 
arranged in rows and columns. The density of 
defects generated in the RAM during manufactur- 
ing is relatively independent of the integration den- 
sity of the device, depending more on the semi- 
conductor manufacturing technology. In general, 
the higher the integration density of the device, the 
larger the ratio of normal memory cells to defective 
memory cells. This larger ratio is one of the advan- 
tages of increasing the integration of a semicon- 
ductor memory device. 

Even if the RAM includes only one defective 
memory cell, the device cannot be operated nor- 
mally. To overcome this problem, RAM devices 
may include a plurality of redundant memory cells, 
e.g., redundant rows and/or columns off memory 
cells. Thus, when a defective memory cell is de- 
tected by testing, for example, during the final 
stages of the manufacturing process, it is replaced 
by one or more redundant memory cells. This 
replacement Is generally accomplished by replac- 
ing a row or column of memory cells rather than by 
replacing an Individual cell. In other words, a row 
containing a defective memory cell is replaced by 
a redundant row containing only operating memory 
cells. 

It will be apparent that the use of redundant 
memory cells further requires inclusion of a control 
circuit so that associated encoders or decoders will 
properly address the selected redundant row or 
column of memory cells in response to an address 
for a row or column containing the defective mem- 
ory cell. It will also be apparent that the control 
circuit includes one or more circuit elements for 
storing information, elements for selecting between 
groups of memory cells, and some additional de- 
vice for programming the information storing ele- 
ments. U.S. Patent Nos. 4,606,830 and 4,707,806 
disclose examples of this type of control circuit. 
IBM Technical Disclosure Bulletin Vol. 27, No. 11 
(April 1985) discloses a programmable address in- 
verting circuit wherein the condition of a fuse or 
programmable link provides selected switchable 
complementary output signals used in driving an 



address buffer. The logical extension of such con- 
trol circuits Is to provide built-in self repair circuits, 
such as that disclosed in Sawada et al.. "Built-in 
Self-Repair Circuit for High- Density ASMIC ," IEEE 
5 Conference of Custom Integrated Circuits, pages 
26.1.1 -26.1.3 (1989). for VLSI devices. 

Fusible links are known for redundancy-pro- 
gramming a variety of semiconductor devices, in- 
cluding the RAM device discussed above. Fusible 

10 links are either open or closed, thus effectively 
storing "0" or "1" values. These links are generally 
programmed by either applying a predetermined 
voltage directly to the fusible link or by applying an 
external energy source such as a laser beam to the 

75 fusible link. U.S. Patent Nos. 4,042,950 and 
4.135,295 disclose fusible links closed by a pre- 
determined voltage applied to the link, which pro- 
duces a current density greater than the required 
fusing current, thus removing an insulating layer 

20 and closing, i.e., shorting, the fusible link. U.S. 
Patent No. 4,670,970 discloses a normally open 
fusible link which closes by solid phase diffusion of 
metal into a silicon layer to produce a conductive 
silicon layer. U.S. Patent No. 4,446.534 discloses a 

25 circuit including a fusible link which is programmed 
by applying a voltage of opposite polarity rather 
than a relatively high voltage of normal polarity. 
U.S. Patent No. 4,455,495 discloses a fusible link 
of the second type wherein a non-conductive ele- 

30 ment is short circuited by application of a laser 
beam. Of course, devices are also known where 
fusible links are programmed by application of both 
a predetermined voltage and a laser beam, such as 
that disclosed in U.S. Patent No. 4,912,066. 

35 In recent years, redundancy-programming us- 
ing an applied laser beam has become the pro- 
gramming method of choice. However, this pro- 
gramming method has several disadvantages. Pro- 
gramming mechanisms for this type of program- 

40 ming are expensive, often costing in excess of a 
million dollars per work station. In addition, laser 
redundancy-programming is relatively slow due 
both to the need to select the individual fusible 
links to be programmed as well as to the need for 

45 post-programming fabrication steps such as clean 
up of the area, e.g., the blast crater, around the 
fusible link. It will also be appreciated that contin- 
ually increasing device densities will eventually 
produce element spacing so small that laser pro- 

50 gramming cannot be accomplished without at least 
partial damage to adjacent elements, which will, of 
course, result In reducing the mean time between 
failures for these high density devices. Moreover, 
misalignment between the laser spot and the fuse 

55 to be blown may lead to incomplete or inaccurate 
fuse blow, which could actually detracts from the 
overall process yield. Other problems associated 
with programmable fusible links are discussed in 
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U.S. Patent No. 4.546,454. 

Control circuitry, which includes fusible links 
for redundancy-programming, is disclosed in U.S. 
Patent Nos. 4.571.707 and 4,609.830. In addition, 
circuitry for detecting the condition or state of 
fusible links includes the coincidence detection cir- 
cuit of U.S. Patent No. 4,707,806, as well as the 
circuit employing a flip-flop, which includes a plu- 
rality of conventional fuses, disclosed in U.S. Pat- 
ent No. 4,837,520. 

During recent years, it has been reported that 
current-induced resistance decreases in heavily 
doped polysilicon resistors is possible. See Kato et 
al., "A Physical Mechanism of Current-Induced Re- 
sistance Decrease in Heavily Doped Polysilicon 
Resistors," IEEE Transactions on Electron Devices, 
Vol. ED28. No. 8, pages 1154-61 (August 1982). 
Resistance decreases of up to 50 percent, which 
are controllable within an accuracy of 0.01 percent, 
were reported. Another antifuse concept is de- 
scribed by Hamdy et al., "Dielectric Based Antifuse 
for Logic and Memory ICs ," Transactions of the 
International Electron Device Meeting, pages 786- 
789 (San Francisco. December 1988), which dis- 
closes the use and programming of a polysilicon 
insulator-diffusion sandwich which is programmed 
by rupturing the insulator between the two conduct- 
ing layers at high voltage (18V). An additional prog- 
rammable scheme is described by Y. Shacham- 
Diamand et at. in "A Novel Ion-Implanted Amor- 
phous Silicon Programmable Element." Internation- 
al Electron Device Meeting, Digest 1987, pages 
194-197 (Washington, D.C.. 1987). The method 
consists of creating a highly resistive amorphous 
layer by heavy dose ion-implantation and switching 
the layer to low impedance by applying a program- 
ming voltage to the layer. 

The use of polycrystaline silicon in semicon- 
ductor devices is known for fabricating electrically 
tunable resistors, such as disclosed in U.S. Patent 
No. 4,210,996, as well as other structures including 
photoconductor sites, as disclosed in U.S. Patent 
No. 4.821,091. The fact that the resistance of a 
polycrystaline silicon resistor varies linearly accord- 
ing to the magnitude of an applied voltage, once a 
threshold voltage has been applied, has also been 
used in switching circuitry, such as the read only 
memory (ROM) device disclosed in U.S. Patent No. 
4,146,902, and control signal generating circuitry 
disclosed in U.S. Patent No. 4,399.372. Methods 
for manufacturing semiconductor devices from 
polycristaline silicon are disclosed in U.S. Patent 
Nos. 4,229.502 and 4,309,224. However, the pro- 
gramming of antifuse polysilicon devices generally 
requires application of tens of volts in order to 
produce the required current density necessary to 
induce resistance changes in the polysilicon. Given 
the high densities and short channel lengths of 



current integrated circuitry, application of such high 
voltage/current stresses should be avoided if possi- 
ble. 

The underlying object of the present invention 
5 is to improve the programming and sensing of a 
fuse element. 

This object is solved by applying the features 
laid down In the independent claims. 

The present invention provides a programma- 

10 ble antifuse circuit having a resistance which is 
programmable at a low current value, a program- 
mable storage element which can be programmed 
during a short time period, a programmable stor- 
age element having circuitry for determining the 

75 programming state of the programmable storage 
element, a programmable storage element which is 
field programmable and especially a programmable 
storage device which can be programmed at a low 
cost. Preferably, the programmable storage ele- 

20 ment can be programmed using conventional 
t>ench testing equipment, thus avoiding the need 
for more capital Intensive programming equipment. 

These and other objects, features and advan- 
tages of the present invention are provided by a 

25 programmable storage element, comprising a plu- 
rality of first resistors, a switching circuit for oper- 
atively coupling the first resistors In series In re- 
sponse to a plurality of first control signals and for 
operativety coupling the first resistors in parallel in 

30 response to a plurality of second control signals so 
as to permit programming of the first resistors, and 
a sensing circuit for sensing whether or not the first 
resistors have been programmed. According to one 
aspect of the present invention, the programmable 

35 storage element further comprises a plurality of 
second resistors, and a second switching circuit for 
coupling the second resistors in series in response 
to a plurality of third control signals and for cou- 
pling the second resistors in parallel in response to 

40 a plurality of fourth control signals so as to penmit 
programming of the second resistors, wherein the 
sensing circuit senses whether or not at least one 
of the first and the second resistors has been 
programmed. 

45 Each of the plurality of resistors operatively 
coupled by the corresponding switching circuit 
comprises a programmable antifuse circuit accord- 
ing to the present invention. Each of the plurality of 
resistors has a predetermined series resistance 

50 which advantageously can be reduced to a second 
series resistance by the application of a predeter- 
mined threshold current The switching circuits ad- 
vantageously couple the resistors in series In re- 
sponse to a plurality of first control signals for 

55 determining the program state of the resistors, and 
couple the resistors in parallel in response to a 
plurality of second control signals to permit ap- 
plication of thee predetermined threshold current to 
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the resistors for programming the resistors. 

According to the present invention a semicon- 
ductor device, having a programmable storage ele- 
ment for programming redundancy, comprises a 
plurality of first resistors; a plurality of second 
resistors; a plurality of first transistors for coupling 
the first resistors in series in response to a plurality 
of first control signals and for coupling the resistors 
in parallel In response to a plurality of second 
control signals to permit programming of the first 
resistors; a plurality of second transistors for cou- 
pling the second resistors in series in response to 
a plurality of third control signals and for coupling 
the second resistors in parallel in response to a 
plurality of fourth control signals to permit program- 
ming of the second resistors; and a plurality of 
third transistors operatively coupled to produce a 
latch for comparing a first voltage drop across the 
first resistors with a second voltage drop across the 
second resistors to determine whether or not at 
least one of the first resistors and the second 
resistors has been programmed. According to an 
aspect of the present invention, the first and sec- 
ond resistors are programmed by the application of 
a programming current having a magnitude greater 
than or equal to a predetermined threshold current 
and having a pulse width greater than a predeter- 
mined time period. 

These and other objects, features and advan- 
tages of the invention are described in more detail 
in the following description of preferred embodi- 
ments. 

Preferred embodiments are described with ref- 
erence to the drawing in which like elements are 
denoted throughout by like or similar numbers, and 
in which: 

Fig. 1A is a schematic diagram of a preferred 
embodiment of a programmable storage ele- 
ment according to the present invention; 
Rg. 1B is a modification of the programmable 
storage element shown in Rg. 1A; 
Fig. 2 illustrates a plurality of wave forms pro- 
duced during a plurality of operational modes of 
the circuits shown in Figs. 1A and IB; 
Fig. 3 is a schematic diagram of a program- 
mable antlfuse circuit shown in Figs. 1A and 18; 
Fig. 4 is a graph illustrating changes in resis- 
tance of the resistors of the programmable an- 
tifuse circuit shown in Fig. 3 due to a plurality of 
applied modifying currents; 
Fig. 5 is a graph illustrating changes in resis- 
tance of the resistors of the programmable an- 
tifuse circuit shown in Fig. 3 due to a plurality of 
applied modifying currents having varying pulse 
widths; 

Fig. 6 is a graph illustrating the stability of the 
antifuse elements of the programmable antifuse 
circuit shown in Fig. 3; 



Fig. 7 is a schematic diagram of another pre- 
ferred embodiment of a programmable storage 
element according to the present invention; and 
Fig. 8 is a graphical illustration of a plurality of 
5 wave forms produced by the programmable 
storage element of Fig. 7 during several oper- 
ational modes. 

A preferred embodiment of a programmable 
storage element 1 according to the present inven- 

10 tion is shown in Rg. 1A and comprises a plurality 
of transistors Qli through Ql4 operatively connect- 
ed to form a sensing latch 2 having nodes N1 and 
N2, and antifuse elements F1 and F2 operatively 
coupled to nodes N1 and N2, respectively, via 

75 con'esponding ones of transistors Qpi and Qp2. 
Preferably, antifuse F1 is a programmable antifuse 
circuit, discussed in greater detail below, which 
advantageously is connected to a transistor Qpri 
used in programming antifuse F1. However, an- 

20 tifuse F1 can also be a single polysilicon element 
having the characteristics discussed below. 

Antifuses F1 and F2 are connected to respec- 
tive drains of transistors Qsi and Qs2, which draw 
equal amounts of current through antifuses F1 and 

25 F2 to convert resistance difference between an- 
tifuses F1 and F2 into a voltage difference across 
the antifuses F1 and F2. Sensing latch 2 advanta- 
geously amplifies the voltage difference across an- 
tifuses F1 and F2. Preferably, the tinal state of 

30 sensing latch 2 is indicative of the antifuse F1 . F2 
having the higher resistance. One of the nodes N1 
and N2 is connected to an output terminal Fout via 
an Inverter formed from a pair of transistors Qti 
and Qb2. which buffer the sensing latch 2 output. 

35 For the programmable storage element 1 shown in 
Rg. 1A, a signal at Fout 'S equal to voltage Wm 
when the resistance of F1 is greater than the 
resistance of F2, while the signal at Fout is equal to 
ground potential GND when the resistance values 

40 of F1 and F2 are reversed. 

A modified programmable storage element V 
is shown in Rg. 18, which Is different from the 
circuit shown in Rg. 1A in two respects. Rrst, 
antifuse F2 of Fig. 1 A is replaced by programmable 

45 antifuse circuit F2'. which advantageously Is coup- 
led to a transistor Qpr2 for programming. Second, 
the initial resistance values of antifuses F1 and F2' 
are equal to one another in the programmable 
storage element V. 

50 In Fig. 1A, the resistances of antifuses F1 and 
F2 are initially mismatched by about 10%, with F1 
advantageously having the largest Initial resistance. 
For reasons discussed below, 10% Is about half 
the minimum resistance change in antifuse F1 after 

55 programming. This initial mismatch between the 
resistance of antifuses F1 and F2 provides an Initial 
ordering of the antifuse resistances, which advanta- 
geously can be detected by sensing latch 2. How- 
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ever, the initial resistance values of antifuses F1 
and F2* in Fig. IB are equal. It will be apparent that 
one of the antifuses F1 and F2* must be pro- 
grammed to provide an ordering of the antifuse 
resistances. It will also be noted that, since the 
resistances of antifuses F1 and F2* were initially 
equal, the margin between the two resistance val- 
ues after programming will be larger in the circuit 
of Fig. IB than in the circuit of Fig. 1A. Therefore, 
the programmable storage element 1' Is less sen- 
sitive to process variation than programmable stor- 
age element 1 . 

It should be noted that both configurations of 
the programmable storage elements 1. V shown in 
Rgs. 1A and IB can advantageously be used In a 
variety of semiconductor devices. Preferably, prog- 
rammable storage element 1 is used in semicon- 
ductor devices requiring an initial state indication 
while programmable storage element 1' is used in 
semiconductor devices requiring a higher operating 
margin. 

The four operational modes of the circuits 
shown in Figs. 1A and IB are described while 
referring to the wave forms depicted in Fig. 2. 
During the Chip Power Up mode, which starts at 
time to, the value of SETN ramps up with voltage 
Vdd while all other mode values remain low. 

During the Redundancy Invoke mode, shown 
starting at time ti , SETN remains high while Pass 
goes high. It will be apparent that the value of 
SETN is a "don't care" value, since the signal Pass 
causes a selected one of transistors Qpi and Qp2 to 
isolate the element F1 and F2 (F2)' selected for 
programming from sensing latch 2. A programming 
signal PRGn, where n is equal to 1 or 2, selected 
by redundant address decode circuitry (not 
shown), goes high and is applied to the corre- 
sponding one of transistors Qpri and Qpr2, causing 
the selected one of these transistors to pull at least 
a predetermined threshold current through the se- 
lected antifuse F1 and F2 (F2'). Preferably, the 
pulse width of the predetermined threshold current 
is sufficiently wide to cause a resistance change In 
the selected one of antifuses F1 and F2 (F2'). 

During the State Initialization mode of opera- 
tion, shown starting at time ta, SETN goes high, 
after which transistors Qpi, Qp2, Qsi and Qs2 are 
turned on by control signals Passl . Pass2, Si and 
S2, respectively. After transistors Qgi and Qs2 cre- 
ate respective voltage drops across antifuses F1 
and F2 (F2'), SETN is slowly pulled to GND by a 
conventional slow set device (not shown). SETN is 
then pulled to GND by a conventional fast set 
device (not shown),, which advantageously is larger 
than the slow set device. SETN going to GND 
advantageously causes signals Passl and Pass2 to 
go high, thus isolating sensing latch 2 from an- 
tifuses F1 and F2 (F2*). The Inverted output of 



sensing latch 2 at terminal Foot advantageously can 
now be sensed by any additional circuitry which is 
connected to sample the state of sensing latch 2. 
The State Soft Set operational mode, which 

5 advantageously allows testing of the antifuses F1 
and F2 (F2'), circuitry associated with the antifuses, 
and their corresponding memory elements by set- 
ting the sensing latch 2 in a predetermined state, 
also begins at time tz. The State Soft Set mode Is 

70 similar to the Redundant State Initialization mode, 
described immediately above, except that in the 
State Soft Set mode only one of transistors Qsi 
and Qs2 is turned on. it will be apparent that the 
one of the antifuses F1 and F2 (F2') corresponding 

75 to the selected one of the transistors Qsi and Qs2 
is determined by sensing latch 2 as having the 
higher resitance value, since the voltage drop 
across the non-selected antifuse will be essentially 
zero. Thus, in the State Soft Set operating mode, 

20 sensing latch 2 advantageously can be set to either 
operating state. 

The programmable antifuse circuit F1 accord- 
ing to the present invention is shown in Fig. 3 and 
comprises three resistors Fla, F1b and Fic coup- 

25 led to a supply voltage source V^d. and output 
terminal T and ground GND by a plurality of 
switching transistors Qpa through Qpd. Each of the 
transistors Qpa - Qpd receives a plurality of control 
signals at a control terminal Ta - Td. respectively. 

30 Preferably, each of the resistors Fla through Fic is 
formed from an unsiliclded polysilicon conductor 
strip and have equal resistances. For example, 
when the total series resistance of the program- 
mable antifuse circuit F1 Is 2000 ohms, each of the 

35 resistors has an individual resistance of about 670 
ohms. Preferably, tiie dopant of the unsilicided 
polysilicon conductor is phosphorous, boron or ar- 
senic. 

When sensing the programming state of the 

40 circuit F1, transistors Qpa, Qpb and Qpc are off while 
transistor Qpd is on. It will be appreciated that in 
this first condition, resistors F1a, Fib and Fic are 
connected in series between Vdd and terminal T. 
Qpd advantageously Is turned on to limit current 

45 through resistors Fla - Fic to a value less than the 
threshold current, which is discussed in greater 
detail below. It will be apparent that, when resistors 
F1a - Fic provide sufficient series resistance to 
significantiy limit the current through the series 

50 connected resistors, the transistor Qpd can be omit- 
ted, allowing transistor Qpc to control current during 
both sensing and programming. During program- 
ming of antifuse F1, control signals are applied to 
turn on transistors Qpa - Qpc. thus coupling resis- 

55 tors Fla -Fic in parallel and producing a curent 
greater than the threshold current in each of the 
resistors Fla -Fic. 

As disclosed in the Kato et al. reference, dls- 
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cussed above, the resistance of a polystlicon con- 
ductor having Na, Nd dopant concentrations great- 
er than 10^ /cm^, when subjected to a cunrent 
density J of at least 1.0 x 10^ A/cm^ over a period 
of dbouX 0.5 usee, will exhibit a resistance de- 
crease up to about 50 percent due to dopant 
redistribution. The resistance change is non-volatile 
and non-destructive unless the conductor is again 
subjected to a current density greater than J for a 
period of time longer than 0.5 usee. Assuming the 
polysilicon conductor has cross section dimensions 
of 0.3 X 10"* cm and 0.35 x 10~* cm, in an 
exemplary case, a threshold current hn of about 
1.05 mA would provide the required value of J. In 
another exemplary case, where the series resis- 
tance of F1 is 2000 ohms and fuse element cross 
section is 350 nanometers by 600 nanometers, the 
threshold current Ith would be at least 5.0 mA, thus 
requiring an applied voltage of at least 10 V. It will 
be appreciated that the required voltage is too high 
to be applied to the entire chip. 

Referring to Figs. 4 and 5, actual experiments 
with unsiiicided polysilicon conductors indicates 
that current densities on the order of about 2.5 x 
10^ amps are required to modify unsiiicided poly- 
silicon conductors used in the antifuses to produce 
a resistance change of about 20 percent. Rg. 4, for 
example, shows current density versus the fraction 
of initial resistance produced by the applied modi- 
fying cunrent. Rg. 5 shows the pulse width of the 
applied modifying cunrent versus change In resis- 
tance. 

Referring to Fig. 3, it will be noted that resis- 
tors Fla - Fic, when coupled in parallel by transis- 
tors Qpa -Qfc permit the required cunrent density to 
be achieved with a significantly lower applied volt- 
age. In the example where 10 V is applied to 
produce the required threshold current 1™. an 
equivalent current density advantageously can be 
achieved in parallel resistors Fla - Fic with an 
applied voltage of about 4 V, instead of the pre- 
viously required 10 V. 

It should be noted that the predetermined ini- 
tialization current of programmable storage element 
1 advantageously Is significantly lower than the 
threshold current, i.e., about 1/10 the threshold 
current. It should also be noted that the initialization 
current is applied for a much shorter period of time 
than the threshold cunrent. i.e., about 1/100 of the 
threshold current application time. Therefore, the 
resistance value of F1 will be stable irrespective of 
the number of initializations of the programmable 
storage element 1 since the initialization current 
and the initialization period are always at least one 
order of magnitude less than those needed to 
change the resistance of F1. This result is cleariy 
shown in Fig. 6, which illustrates stressing of prog- 
rammable storage element 1 using initialization cur- 



rents having a magnitude of about 50% of the 
threshold current Ijh- Fig. 6 also shows the stability 
of programmable storage element 1 to baking at 
temperatures of about 200- C. 

5 Rg. 7 illustrates another preferred embodiment 

of the programmable storage element 10 according 
to the present invention comprising a program- 
mable antifuse circuit F1, a second antifuse F2, a 
transistor Qpt for programming antifuse F1, a plu- 

10 rality of transistors Qli through Ql4 providing a 
sensing latch 20 with nodes N1 and N2 and a pair 
of transistor Qts, and Qrsa. Preferably, the resis- 
tance of antifuse F2 is about 0.9 times the initial 
resistance of antifuse F1 . 

75 The various operational modes of programma- 
ble storage element 10 will be described while 
referring to Fig. 8. During the Chip Power Up 
mode, shown starting at time to, signals PRG and 
SETN ramp up witii applied voltage Vcc while 

20 signal R remains active low, allowing nodes N1 and 
N2 to ramp up with Vcc- At time ti , Redundancy 
Initialization mode begins with SETN being pulled 
towards ground GND through a conventional slow 
set device (not shown) while R remains active low. 

25 Because of the resistance difference t>etween an- 
tifuses F1 and F2 and the resultant feedback, node 
N1 attempts to stay high while node N2 discharges 
towards SETN. R then goes high, turning transis- 
tors Qtsi anci Qrsa off. R going high also enables a 

30 conventional fast set device, which completes latch 
initialization with node N1 at Vqc and node N2 at 
GND. 

During the Redundancy Invoke operational 
mode, shown starting at time ta, SETN and N2 

35 remain low. while N1 and R remain high. Input 
signal PRG to transistor Qpi goes active low, cor- 
responding to the redundant address, allowing a 
predetermined threshold current to pass through 
antifuse F1 for a period of time of about 0.5 micro- 

40 seconds (usee), which causes the resistance of F1 
to decrease by an amount in the range of 20 to 50 
%. 

Upon completion of antifuse F1 programming, 
shown at time ta, the fuse detect latch formed from 

45 transistors Qui - Ql4 are reset by R going active 
low while SETN is restored to the high value. The 
latch is then reinitialized in a manner substantially 
similar to Redundancy Initialization, discussed 
above, but, because the resistance of F1 was de- 

50 creased during programming, the latch is set in the 
opposite state with N1 low and N2 high. 

It will be noted, when comparing the program- 
mable storage element 1. V of Rgs. 1A and IB 
with the programmable storage element 10 of Fig. 

55 7, that antifuses F1 and F2 are Isolated from cur- 
rents In sensing latch 2 while antifuses F1 and F2 
are subjected to currents in sensing latch 20. It will 
be apparent from the embodiments shown in Figs. 
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1A and 1B that higher resistance antifuses F1 and 
F2 can be used since the antifuses F1 and F2 do 
not conduct the current needed to set sensing latch 
2. It will be further noted that the peak current 
passing through antifuses F1 and F2 of Rgs. 1A 5 
and IB advantageously can be limited to a low 
value. 

Those of ordinary skill in the art will appreciate 
that the programmable antifuse circuit F1 according 
to the present Invention permits programming re- io 
dundancy after burn-in or in the field at a voltage 
which is less than burn-In voltage. It will be noted 
that this programming redundancy is achieved 
without the need for dedicated pins in the semicon- 
ductor device. 75 

It will also be apparent that the programmable 
storage element of the present invention advanta- 
geously can provide redundancy-programming at 
higher speeds and significantly lower capital costs 
than currently used laser programming. For exam- 20 
pie, semiconductor devices employing the prog- 
rammable storage element can be programmed 
using a conventional programmable computer 
driven bench tester instead of the more costly laser 
redundancy-programming equipment. Faster pro- 2s 
gramming speeds are achieved by the present 
invention because the mechanical stage move- 
ment, which has a fuse selection rate of about 1 
fuse per millisecond and which is required for laser 
redundancy-programming, is eliminated. 30 

It should also be noted that a semiconductor 
device including the programmable storage ele- 
ment of the present invention is inherently more 
stable than a similar device which is laser pro- 
grammed. Programming according to the present 35 
invention advantageously does not produce the 
blast crater associated with laser programming and, 
thus, does not require subsequent removal of re- 
solidified molten Si debris from the laser fuse site. 
In addition, there are no additional processing 40 
steps needed to open a fuse "bay window." In 
general, the fuse elements of the invention can be 
laid out in a far denser pattern than the laser fuses 
of the prior art. 

Other modifications and variations to the inven- 4S 
tion will be apparent to those skilled in the art from 
the foregoing disclosure and teachings. Thus, while 
only certain embodiments of the invention have 
been specifically described herein, it will be appar- 
ent that numerous modifications may be made so 
thereto without departing from the spirit and scope 
of the invention. 

Claims 

55 

1. A programmable antifuse circuit, comprising: 
a plurality of resistors having a series predeter- 



mined first resistance, said predetermined first 
resistance being reducible to a predetermined 
second resistance in response to an applied 
predetermined threshold current; and 

switching means for coupling said resistors in 
series in response to a plurality of first control 
signals and for coupling said resistors in par- 
allel in response to a plurality of second con- 
trol signals so as to permit application of said 
predetermined threshold current to said resis- 
tors, whereby each of said resistors preferably 
is a polysilicon conductor, and said predeter- 
mined second resistance preferably is no more 
than approximately 80 percent or no more than 
approximately 50 percent of said predeter- 
mined first resistance. 

2. The programmable antifuse circuit of claim 1 , 
wherein said plurality of resistors is at least 
three resistors, and wherein at least one of 
said three resistors Is an unsilicided polysilicon 
conductor. 

3. A programmable storage device, comprising: 

a plurality of first elements, whereby each of 
said first elements preferably is a polysilicon 
conductor; 

switching means for operatively coupling said 
first elements in series in response to a plural- 
ity of first control signals and for operatively 
coupling said first elements in parallel in re- 
sponse to a plurality of second control signals 
so as to permit programming of said first ele- 
ments, whereby said switching means prefer- 
ably comprises a plurality of transistors; 

means for determining whether or not said first 
elements have been programmed, 

said storage device preferably further compris- 
ing a second element, wherein said means for 
detecting comprisesg means for comparing a 
first voltage drop across said first elements 
with a second voltage drop across said second 
element. 

4. The programmable storage device of claim 3, 
further comprising: 

a plurality of second elements; and 

second switching means for coupling said sec- 
ond elements in series in response to a plural- 
ity of third control signals and for coupling said 
second elements in parallel In response to a 
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plurality of fourth control signals so as to per- 
mit programming of said second elements; 

wherein said means for determining comprises 
means for determining whether or not at least 5 
one of said first and said second elements 
have been programmed. 

A semiconductor device having a program- 
mable storage element for programming re- w 
dundancy. said semiconductor device compris- 
ing: 

a plurality of first resistors; 

75 

a plurality of second resistors, whereby each 
of said first resistors and said second resistors 
preferably is an unsilicided polysilicon conduc- 
tor; 

20 

a plurality of first transistors for operatively 
coupling said first resistors in series in re- 
sponse to a plurality of first control signals and 
for operatively coupling said resistors in par- 
allel in response to a plurality of second con- 25 
trol signals so as to permit programming of 
said first resistors using a programming cur- 
rent having a magnitude greater than or equal 
to a predetermined threshold current and hav- 
ing a pulse width greater than a predetenmined 30 
time period; and 

a plurality of second transistors for operatively 
coupling said second resistors in series in re- 
sponse to a plurality of third control signals 35 
and for operatively coupling said second resis- 
tors in parallel in response to a plurality of 
fourth control signals so as to permit program- 
ming of said second resistors using said pro- 
gramming current; and 40 

a plurality of third transistors operatively coup- 
led to produce a latch for comparing a first 
voltage drop across said first resistors with a 
second voltage drop across said second resis- 45 
tors to determine whether or not at least one of 
said first resistors and said second resistors 
has been programmed. 

A method for redundancy-programming a 50 
semiconductor device, said method comprising 

the steps of: 

providing a plurality of resistors having a first 
voltage drop, said first voltage drop being re- 55 
ducible to a second voltage drop in response 
to an applied predetermined threshold current; 



coupling said resistors in series in response to 
a plurality of first control signals; 

sensing one of said first and said second volt- 
age drops, said first voltage drop and said 
second voltage drop corresponding to a first 
programming state and a second programming 
state, respectively; and 

when it is desired to change said resistors 
from said first programming state to said sec- 
ond programming state, coupling said resistors 
in parallel in response to a plurality of second 
control signals so as to permit application of 
said predetermined threshold current to said 
resistors. 

7. A memory element, comprising: 

a programmable polysilicon means; 
a comparison means, 

sensing means disposed between said prog- 
rammable polysilicon means and said compari- 
son means for sensing differences in resis- 
tance therebetween, said sensing means pref- 
erably comprising cross-coupled latch and/or 
said sensing means preferably being coupled 
to said programmable polysilicon means and 
said comparison means by first and second 
pass transistors, respectively; 

means for programming said programmable 
polysilicon means by passing a cunrent there- 
through sufficient to decrease its resistance by 
a discrete amount; and 

output means coupled to said sensing means 
for producing a first signal if said program- 
mable polysilicon means has a greater resis- 
tance than said comparison means, and for 
producing a second signal if said comparison 
means has a greater resistance than said prog- 
rammable polysilicon means, whereby said 
programmable polysilicon means preferably 
has a greater resistance than said comparison 
means prior to programming. 

8. The memory element of claim 7. wherein said 
programmable polysilicon means and said 
comparison means have resistances that are 
substantially equal prior to programming. 

9. The memory element of claims 7 or 8. wherein 
said first pass transistor isolates said program- 
mable polysilicon means from said sensing 
means during programming. 
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10. The memory element of any one of the claims 
7 to 9. wherein said comparison means com- 
prises a second programmable polysillcon 
means. 
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